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ADVANCED ANTICANCER THERAPY AND CYTOTOXIC MEDICAMENTS FOR
ITS TMPLEMZNTATION

8ACKGROUND OF THE INVENTIGCN

Field of the [nvention

The present invention deals with novel chemical conjugates for the
selective delivery of cytatoxic drugs to tumor cells, and with methods of
destroying tumor.ceils usfag such ¢ocnjugates.

Information Disclosura Statement

[t 1s well known that currant ¢ancer therapy involves the use of
antimftotic drugs such as adriamycin, vincristine, cispiatin, daunomycin and
methothrexate, which all have strong undesirable side-effects on the normal
cells of the patient. it is therefore important that the adtivity of antitumor
drugs be specifically directad to the malignant cells and have littie toxic
effect on the ncrmal cells. )

One approach tc salectively delivering cytotoxic agents to tumor
cells‘requ!res use of antibedies which preferentially bind tumor-assocfated
or tumor-specific antigens such as alpha fetoprotein. The antibody may be
radfolabeled, or it may ba conjugated to toxins such as hematoporphyrin,
abrin, ricin, diphtherfa toxin, Pseudomcnas exotoxin, gelonin or to the above-
mentioned antimitotic drugs. For reviews see K. Sikcra et al., (1984), 8r,
Med. 8u'l., 40, 233-3; and P.C. Thorpe, et al., (1985), in Monoclonal
Antibodies B4, Biologica! & Clinfcai Applications. Further, Pastan, US
4,545,985 discloses the binding of Pseudomonas exotoxin to antibodies, for
instance antibcdies to specific human cell recepters such as the transferrin
‘recaptor. _
There are a number of disadvantages in the use of antibodies as
targeting agents, as described by [. Pastan, et al,, (1986), Cell, 47, 641-
648. First, the fnternalization of antibody conjugates into cells {s highly
variable, depending on the antibcdy and the cell, Second, the antibody may
itself be antigenfc and stimulate an imnune response in the patfent, which
would !imit the effectivaness of the conjugate. Third, the antibody may
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bind to normal cells, which do not have the antigen recognized by the antibcdy,
by means of Fc receptors that occur on many nontumcr cslls and ean react

with many antibodfes. Fourth, 1t s difficult ta attach a large number of
drug molecules to an antibedy without adversely affecting its antigen-b!ndtnq
activity [Hurwitz, et al., (1975), Cancer Res., 35, 1175-1i81]. Finally,

the high molecular weignt of antibodies reduces their apiiity to penetrate
into tumors between the cells [Seae Ceiabye, et al., (198§), J. Clin. Invest.
17: 301-11; Buchegger, et al. (1983), J. Exp. Med 153: 413-27; Buchegger et
al. (1986), Cancer,58, 635-51.]

Another approach is to attach the drug to a polyaminocacid carrier
which reduces {ts cytotoxic action in normal cells. This carrier may bear a
large number of drug moiecuies. In the drug-carrier complex, the amino acid
composition or sequence is intended ‘o provide preferential release of the
cytotoxin at tumor cells a2y means of degradat{ve enzymes known to be present
in elevated concentrations in tumor ca2lls. For example, Zunine, ot al.,
(1682), Int. J. Cancer 30, 465-70, reports on the antitumor activity of
daunorubicin 1inked o poly-L-aspartic aéid, and Kato, et al., (1984), Cancer
Res. 44, 25, describes antitumor activity of cytosine arabinoside conjugated
with polyglutamic acid. W.A.R. van Heeswijk, at al., (1985), J. Contralled
Raelease 1, 301-315, and Hoes et al., (1985), J. Controiled Release 2, 205-
213, describe additioral conjugates of polyglutamic acid backbones with pentide
spacers to which adriamycin {s covaiently coupled.

The combination of a tumor-directed antibody and a degradable
polyaminoacid carrier with a cytotoxic drug has also been described. For
example, Kato, et al., (1984), J. Medicinal Chem. 27, 1602-1507, reports
conjugation of daunomycin (DM} to polyglutamic acid (PSA) and coupling the
resulting cytotoxic polymer with rat alpha fetoprotein (AFP) antibody. Upon
trial, the cytotexic activity of the resulting antt-AFP-PGA-DM conjugate was
shown to be mor2 effective than nig (a control antibedy), anti-AFP,
unconjugated OM, PGA-OM or nlg-PGA-DM. :

Similarly, EP-A 112;720 (Teijin} discloses a conjugare comprising
an immunoglooulin capable of binding selectively to a.-particular antlgen
possessed by 2 cell te be xilled, a polymer carrier and a cytotoxic substance
1inked thereto, for instance p-(N,N-dis(2-Chlorcethyl))-nhenylenediamine,
melphalan, 1-{beta-D-arabino-furancsyl)} cytasine and 1ts phosphate,
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methotrexate, actinocmycin 0, mitomycin C and the like, while Runge, US
4,485,093 discloses an immunotoxin conjugate for treating malignant diseases,
which consists of arsan{lic acid and tumor specific antibody covalently bound
to a polyglutamic acid back-bone.

Unfortunately, the use of a pelyaminoacid carrier does not solve
all of the problems associated with the use of imnunotoxins. In addition to
the problems related to using antibodies directly conjugated to cytotcoxins,
addition of such carrisrs to antibodies, or even smaller Fab fragments, may
'undesirab]y further reduce their ability to penetrate tumors efficiently.

Pastan, US 4,545,985'suggested conjugating Pseudcmonas exotoxin
(PE) to a variety of peptides, proteins and growth factors that react with
specific receptors on calls, including sarcoma growth factors, melanocyte -
stimulating hormone, scmatostatin, glucagon, insulin, transferrin, low density:
Tipoprotein {LDL), calcitonin, alpha-2-macroglobulin and lysine bradykinin, -
Pastan constructed a conjugate of Psaudomonas exotexin {PE) and a peptide #
hormone fsolated from mice, Epidermal Growth Factor (EEF), by introducing
thiol groups into each and then linking the two using a disulfide exchange -
reaction. The conjugate was toxic to KB tumor cells, but nude mice fnjected ;g
with the conjugate died of liver faflure. The coupling destroyed the toxin's .
ability to bind to its own receptor, so toxicity was mediated by the EGF
receptors of the liver cells. . ’

N. Shimizu, et al., (i980), FEBS Letters 118, 274-278, reported the
preparation cf a covalent conjugate of EGF and diphtheria toxin, 1In addition,
Cawley and Herschman, (1980), Cell 22, 563-570, and Simpson, et al., (1982),
Cell 29, 469-673, reported on conjugates of EGF covalently linked to the
polypeptide A chain of ricin, or to diphtheria toxin, by a disulfide bridge.
These conjugates containing EGF generally showed high but unpredictably
vartable toxicity for varfous normal cells. , .

[For tachniques of preparing or fsolating SGF from varfous species,
1ncluding the human form (also called urogastrone)}, or other variants or
analogues theracf, and for discussion of their properties, see W085/00369
(Chiron); w083/03030 (Applied Molecular Genetics); Nishimura, US 4,528,186:
EP-A 46,039 (G.D. Searle); EP-A 128,733 (Genentech); Komoriya, W085/01284;
Wakanuga, EP-A 131,868: and Camble, US 3,917,324.]
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More recently, additional similar conjugates of non-1immencglohul in
Peptides and cytotoxins have been renorted. For example, Bacha, et al.,
(1983}, 2. Biol. Chanm. 258, 1565-1570, describes conjugates of thyrotropin-
releasing hormone (TRH) and polypeptides related ts diphtheria toxin, which
were texic to pituftary tumor cells; and 0'Keefe and Oraper, (1985), J. Bfol.
Chem., 250, 932-937, report on charactarization of 2 transferrin-diphtheria
toxin conjugate, which was toxic to mous2 cell culturas. Furthermore, Murphy,
et al., (1986), Proc. Nat. Acad, Sci., USA, 83, 8258-8262, describes meianoma-
selective cytotoxicity of a Genetically fussd protefn which s equivalent to
2 covalant conjugate of the alpha melanocyte-stimulating hormone {MSH) and a
cylotexin related to diphtheria toxin. J° 60163824 (Nippon Shihyaku KK}
disclosas a drug'carrier, wherafn the carrier comprises a protein, such as
an apolipoprctein obtainad frem 2 serum Hpoprotein (e.g3., IDL), and a 1ipig,
designed for selactiveiy carrying the pharmacautical ingradient to the
necessary tissue.

Again, the number of toxin molecules that may be directly attached,
as taught above, to a molecule of a peptide hormone or growth factor {s Hmited !
by the need to preserve receptor binding activity, Furthermore, such
conjugates of a nor~imauncglobulin and 3 cytotoxin may be excessisvely toxie
for normal cells Dearing the appropriate receptors.

No admission is made that aity of the foregofng references constitute
"pricr art® and all descriptions are based on the publications rather thag
on firsthand krowledge of the work described.

SUMMARY OF THE INVENTION

The {nvention resides in destroying tumor calls with a novel drug

conjugate comprising:

(@) A first mofety, a komtag agent®, a non-immunoglobulin which
preferentially binds to a tumor cell raceptzor, and is
internalized by the ceil, and _

(b) A second moiety, covaiently linked tc the first mciety, and
comprising a biodegradable poiymeric carrier to which one or
mare cytotoxic molecules are attached;
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The degradation of the carrier oy intracellular enzymes releases a cytotoxic
- agent, resulting 1n destruction of the cell. Preferably, the first mofety,
besides specifically binding te the tumor cell, also promotas the
Internalization of the conjugate by that cell. It {5 alsc desirable that
the carrier be particulariy susceptible to tumor cell-assccfated intracellular
enzymes in order to increase the therapeutic index of the conjugate.

The homing agent is preferatiy a peptide or orotein growth faétor.
One particularly preferred class of homing agent includes mcuse Epidermal
Growth Factor, and other related growth factors, such as human EGF
(urogastrone), aipha transiorming growth factor (TGF aloha), and vaceinia
virus growth factor, which bind preferentially to tumor cells bearing EGF-
pinding receptors and are efficiently internalized by those receptors. The
growth facter may be puriffad from natural Sources, synthesized by stepwise -
peptide synthesis, or {solated from cells genetically engineered to express
the factor. The agent may 9e a naturally occurring factor, a synthetic
duplicate of that fagtor, or an active analogue or fragment of the factor,
It may also be a substance whish i3 a "prc” form of the factor, wﬁfch the
subject's body converts into the active form of the factor, .

It should be noted that the spectrum of tumor ceils to which these -
homing agents bind will differ from agent tc agent. Human EGF (urogastrone),
TGF alpha, and vaccinta vicus growth factor, ail bind to the same receptor
~ (herefn called the E&F receptor), with the same affinity. as does mouse EGF
[OeLarco and Todaro, (1978), Proc. Natl. Acad. Sci USA 75, 4001-4005], and
therefore are expected to exhibit the same tumor specific binding as mouse
EGF. Furthermore, as the names imply, EGF and related growth factors generally
stimulate replicatfon of cells when they bind to the EGF receptor. In
addition, TGF alpha 1s produced by mary solfd human tumors {Derynck et al.,
(1987), Cancer Res.‘gz, 797-712)] 1in which 1t fs thought to act as a self-
stimulating (autocrine) growth factor [Sporn and Todaro, (1980), N. Engl. J.
Med. 303, 873-880]. Delivery of a cytotoxic agent linked to TGF alpha (or
any other EGF-related pept1de) should be selectively toxic to these tumors,
rot only because of the recentor-mediated uptake of the agent, but also becausa
the mitogenic action of the growth factor should induce increased
susceptibility to antimitotic drugs. In other words, the homing agent can

st
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render cells which carry receptors more sensitive to drug killing action
after it has entared the cells,

In particular, several fnvestigators have deions;ratéd the presance
of EGF receptors in 4igh concentrations on many squamous cel) ca*c1nomas, as
well as on other carcinomas, and also on sarcomas. Such results include
breast, Tung, brain and skin tumors. [See the following references: Liberman
et al., (1984), Cancer Res 44, 753-760; Merlrno et al., (1984), sefenca 224,
417-419; Kamata et at., (1986), Cancer Res. 46, 1648-1653; Singletary et
al., (1937), Cancer Res 47, 403-406; Hunts et al., (1885), Jpn. J. Cancer
Res. 76, 663-660; Barknecht et al., (1985), Dermatologica 171, 16-20.1

Other septide factors, which are unrelated to EGF, may also serve
in this invention as homing agents for different tumor cells. For fnstancs,
Platelet-Derived Growth Factor (PDGF) is a dimer composed of two related
peptides, each with a MW of about 30,000 D, which is releasad: from platelst

~granules when blood clots form., It is required by smooth muscle cells,
fibroblasts and other mesenchymal celis, but not by: epithelioid or hematopoetic
cells (Cochran and Stiies, (1383), Celi 33, 939347, After binding te
receptars on a cell, POGF s internalized [Nflsson et al., (1983), Proc.

Natl. Acad. Sci 80, 5592-5596]. A fusion protein containing 80 amino acids

of the SV40 t antigen fused to the amino terminus of one chain of POGF was
active 1n internai{zation [Wang and Williams, (1984), J. Bio. Chem. 259,
10645-10648], indicating that PDGF, Tike EGF, could be expected to carry
materfal preferentially into cells bearing appropriate receptors.

POGF 1s alsc known to be produced by some tumor cells in cu! tura,
tncluding glioma, osteosarcoma, embryonal carcinoma, and a variety of
nzoplastically transformed Tibroblasts [Van Zoelen et at., (1985), Mol. Cell.
Biol, 5, 2289-229’], which suggests a possible self-stimulatory role Tike
that postuilated for TGF alpha. Thus POGF may be useful for homing- and
tnternalization of cytotoxic conjugates of the invention into these tumors. )

Another possible homing agent, Nerve Growth Factor (NGF), which is
a peptide of about the same MY as EGF, has 1ittle or no effect on
diffarentiated glial cells, but significantly retards growth of
undifferantiated glioma cells [Vinores and Koestner, (1980), Cancer Lett 180,
309-218]. NGF has basn observed to decrease the specific induction of neural
tumors by ethyinftrosourez [Vinores and Perez-fole, (1080). J. Cancer Res
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Clin. Oncol., 98, 59-63] and ts reverse morpholegic transformation of
anaplastic gliomas [Koestner, (198S), Toxicol. Pathel. 13, 90-104]. Thus 1t
appears that some brafn tumors have the ébt]ity to racognize and respond to
NGF.
Because normal differentiated glial celis are refractory to NGF,
Cytotoxic agents conjugated to NGF would be expected to preferentially destroy
brain tumor calls which rascend to NGF. Antibedy to NGF has heen used to
diagnose and treat melanoma (Ross et al., EP 202,005; US 723,760), which
suggests that these tumors may also respond to NGF. .
Transtfarria csuld also be used as a hcming agent to deliver

cytotoxic drugs to tumcrs because, like EGF, transferrin-receptor complexes
are Internalized [Karfn and Mintz (1981) J. Biol. Chem 256: 324-3252]. 0'Keefe
and Draper, (1985), J. 8tol. Chem., 250, 932-937, reported that toxicity of
a transferrin-diphtherfa texin conjugate was abolished in the presence of .
excess transferrin, which indicates that this conjugate was internalized via
transferrin receptors. As disclosed by Pastan (US 4,545,985), antibodies to
the transferrin receptor can be usad fo deliver toxins te tumors, particularly
adult T cel? leukemfa. Transferrin is also used in radfoimaging of tumors
[NTIS Tech Note, (1985), NTN85-0891], which indicates praferential binding
of tranferrin to these tumers.
, Additional peptide factors may also serve as the homing agent in the
invention. For example; alpha melanocyte-stimulating hormone (alpha MsH),
another small peptide hormone, was genetically fused to a cytotoxic protein,
and the fusfon protefn repertedly was cytotoxie for melanoma cells [Murphy,
et al., (1986}, Proc. Nat., Acad. Sei., USA, 83, 8238-3262]. Also,
thyrotropin-releasing hormone {TRH), a tripeptide, has been conjugated with
polypeptides related to diphtheria toxin, and the resulting conjugates appeared
to be intarnalized only by cells bearing TRH raceptors 3acha, et al., (1983),
J. Blol. Chem. 258, 1565-1570].

In selecting a homing agent, the following desiderata should be
considered:

a) the homing substance must be highly specific for tumor ceils, as

opposad to normal cells;
b) the homing substance should bind to a receptor found tn a wide
range of tumor cells;
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¢) the homing substance should promote the fnteénalizatfon
(receptor interaction} of the conjugates;

d) the hom{rng substance shoylg stimulate call proliferation and/or
metabol{ism, therafore rendering the targeted cel more
vulnerable to antimitotic or other antimetabolic action of the
Cytotoxin; v

e) the homing substance should be sufficiently small toc penetrate
solid tumors efficiently; : '

f) suitable chem{stry must exist for ceupling the Cytotoxic
compourd carrter to the homing agent.

The second meiaty in the conjugate of the fnvention s a polymerié
carrfer for the cstotexic agent and comprises a plurality o7 repeating units,
each unit having the structure shown in formuia (1) below:

«=C0~~CHa=NH-~
(CHp), | , (D
CO=-A,~=T

wherein p s prefarably 1 op 2, whera x i3 prefarabiy {5 the range of 0-20,
where A is a linker, prefarably an amine acid, and where, 17 x {s greater
than 1, the amino acids Ax may te the same op different. T jg efther hydroxy!
or a cytotoxic substance. The units Mmay be 1denticai, or they may vary in

P: X, Ay, Oor T, of course, for the conjugate to have a cvtotoxic effect, at
Teast one ¢of the units must bear a cytotoxic molecuia.

The conjugate per se 1s preferahly of reduced Cytotoxicity ta normal
cells as ccmpared to tha substance T 1n {ts free form. Intracallular release
of T in cytotoxic form {s accompiished by cel]ular-enzymes, preferably enzymes
preferentially éxpressed in tumor cells, o . -

The introductfon of the side-chain extension Agr where A may vary
among the common amino-acids, and x 1s preferably in the range 0-20, favolves
the usual tachniques of peptige synthesis. It is dssumed that the preferential
manifestation 1n maiignant cells of tie Cytotoxicity typtcal of the fraa
Cytotoxic substance {s a function of intracellytar enzymatic degradation of
the conjugate, Ifberating either the Cytotoxic substanca or active dertvatives
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therecf., Preferential release within maiignant cells may thus be governed
by a differenttal in terms of type or enhanced level of enzymatic activity
between-ma?ignant and normal cells.

An elevatad level of proteoiytic activity, Including y-glutamy]
transferase activity is assocfated with 3 variety of tumors [see W.A.R. van
Heeswijk, et al., (1984), in Recent Advances 1in Orug Delivery Systems, Proec.
Int. Symp., 1983, Plenum Press, N.Y., Anderson, J. M. and Kim, S. W., eds.,
pp 77-100], pessibly allowing for tumor specific release of the cytotoxic
drug from sacondary amide linkage directly with the 7-carboxyl of efther the
glutamtc acid side chafn of polyglutamic acid or from such Tinkage with a
glutamyl residue within, or terminal in, Ac- In addition, such enzymatic
cleavage at the polyglutamic actd y-carboxyl, or general proteclytic cleaVage
within Ag or of the polygiutamic acid polymer backbecne, may release a peptidy!
prodrug of the cytotoxic substance subject to further Processing by lysosomal
enzymes, and favelving the 7-glutamyl transferase when the drug 1s 9-11nked
to glutamic acid in Aye _

The extent and rate of endocellular drug release may thus be
significantly affected by variation in the length and nature of the Ay mofety.
Such processing by lysosemal enzymes of bovine serum albumin-daunomyé!n
conjugate has been shown by A. Trouet, et al. [(1982), Froc. Natl. Acad.

Set., 78, 625; and (1980}, J. Med, Chem., 23, 1165-1171] to vary widely with
the length and sequence of the peptide mefety interspersed between the protefn
and the drug.

The cytotoxic substance s seiected from agents fnhibitory of DNA
synthesfs and function (e.g., adriamycin, daunomycin, bleomycin, melphalan,
¢hlorambucil, cisplatin), of microtubule (mitotic spindie) formatien and
function (e.g., vinblastine, vincristine), or antimefabo!ites (e.g.,
methotrexate), or cytotoxfc substances of these or other mechanisms of action.
For compflations of antineoplastic drugs, see: A Syropsis of Cancer
chemotherapy, R. T. Stlver, R: D. Lauper, and C. I. Jarowski, Dunn-Donnaliey
Publishing Corp., N.Y., 1977; Cancer Treatment Symposia:‘_Compilation of
Phase IT Results with Single Antineoplastic Agents, NIH Publication No. 85-
2739, 1985; NCI Investigational Drugs: Pharmaceutical Data, NIH Publ{cation

No.. 86-2141, 1986,
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Preferably at Teast 10 percent of the units of formula (1} beap Y
cytotoxic agent (rot necassarily the same one for ali} units), However, highar
levels of substitution are Preferred unless they signiffcant1y reduce the
cytospec1fic1ty of the conjugate. '

The number of repeating units is not fixed, but is prefarably in the
range of 20-300. The My of the palymeric carrier is prefe%ab!y high enough
so that, even ff it becomes detaches from the homing substanca before 2ntering
tumor ceils, 1t does not freely enter cells lacking recaptors for the homing
agent, by passive mechanisms; but rathep ft should only enter calls actively,
by receptor-mediated endocytasfs, The polymertc character of the drug A
construct should pravent its Peretration of heart tissue, mitigating against
a major shortcoming of daunomycin and other antitumer drugs,

especially preferrad. The MW of the conjugate must be Tow enough so that ¢
M2y penetrate solid tumers efficiently. 1t Is known that Fap fragments of
-antibodies penetrate tumors bettar than the fntact antibodies. ([See Delabye,
et al., (1985), 4. Clin. Invest, 77: 301-11; Bucheggar, et aj, (1983), 4.
Exp. Med 138: 413-27; Buchegger et al. (193s), Cancer, 58, 655-61.] 156
antfbodies have Mys of about 150,000 9 prior to addition of any carriar
molecules, and even Fab fragments, which are somewhat smaller, may be sti]]
be unable to penetrate tumors efficiently after conjugation with a carrier,
By comparison, the Prepared conjugates of the invention typfcélly had a tota]
MW of about 46,000 D, where the EGF 1s about 6,000 D and the polymer
contributes most of the remaining 40,900 p, Free daunomycin has a MW of
about 300 D, so severa] moles could pe attached to sach conjugate while
maintaining the praeferred My range. '
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either directly by peptide linkage, a secondary amide linkage of amino-acids,
as In peptides and protains, or, preferably, by a bridging unit of formula:

0
W\

€ S-(CHy)p-NH-

where R1 derives from a heterob! functicnal reagent of formula:

0 0
/! \\
Y ¢ c
V /o /
CH A
] N-0-CO-R'-N |}
CHy / \C-H
\" 7 \
c ¢
\\ //
0 0

where R1 is normally, but not restricted to: alkylene (CI-C4), preferably
(C3); phenylene, preferabiy (1,3-); cycToaIkylene-alky1ene, preferably
cyc]ohexylene-4-methylene} or aikylene_phenylene, preferably alkylene (¢,-
C4)-phenylene (1,4); and where Y = Hor S0,0Na.  Gther heterobifunctional
reagents differentfating reactive functions of the homing agent and polymeric
mofety may also be ampioyed.

In the most preferred embodiment, the therapeutic conjugate of the
Present invention is a conjugate of EGF with a polyglutamic actd carrfer
bearing one or more molecules of daunomycin, Such a conjugate should offer’
three fold specificity:
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(a) Specificity for tumor calls having high concentrations of ggr

~ receptors, since these will more effectivaly bind and
Internalize the conjugate | .

(b) specificity for tumor cells having high'leveis of the enzyme -
7-glutamyl transpeptidase since these will more readily degrade
the peAa and thereby Iiberate the daunomycin; and

(c) specificity for rapidly dividing tumor cells, since daunomycin
fs an antimitotic agent,

While 1t 1s of course desirable that the conjugate bind to al} tumor
cells and to no normal cells, it will ba recognized that conjugates which
bind only to certain tumor cells, and which bind ¢o certain normal cells,
may sti11 shew sufficient specificity for tumor cells to be of therapeutic
activity, ' '

Though In 1ts preferred embodiment, the targeting agent of the
conjugate also promotes internalization, 1t i3 concefvable that these functions
could be performed by different moietfes,

" The text of the appended clatms 1s hereby incorporated by reference
into this specification 45 an enumeration of the preferred embodiments.
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BRIEF DESCRIPTION 0OF THE FIGURES

Figure 1a 1s a photomicrograph of a culture of A431 human squamous
carcinoma cell 1ine used to test the effect of the compounds of the invention.
The presence of large amounts of EGF receptors thereon is indicated by indirect
immunoperoxidase staining (dark color).

Figure 1b is a photomicrograph similar to that of Figure la, but
. of a culture cf normal WI38 embryonic fibroblast cells used as a control. The

Jow level of EGF receptors {s .nchated by the near absence of staining (light
color).

Figure 2a {s a photomicrograph of an A431 cell line culture after
a 48-hour incubation of 1 gg/ml of free daunomycin and testing for dead ce1ls
with Trypan Blue exclusicn dye,

Figure 2b is a photomicrograph similar to that of Figure 2a, but
after 43-hour incubation with, instead, 1 ug/ml of daunomycin in the form of .-
conjugate VIII. The dark areas represent the killed cells.

Figure 3a 1s a 9hotom1cfbgraph at time zero of a mixed culture of’
A431 and w138 cell lines. The round cells are the tumor cells.,

‘ Figure 3b {s a photocmicrograph similar to that of Figure 3a showing
the sftuation after 43-hour incubation with 1 49/ml of conjugate VIII. The
round tumor cells have greatly diminished.
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DETAILED QSSCRIPTION OF THE INVENTION

The preferred new
EGF or analogs as homing ve

therapeutic compounds of
ctor are of formula II:

the invention, using

0
W\
C
// \C
H
EGF-C0-R1-N [ 2
\ CH
' /0 2
/c S-(CHZ)m-CHR -NH-[eo-CH-NH—]n-H (I1)
/ 1.
0 (?Hz)p
CO-~Ay--T
where m is 1 or 2, nis 20-200, p is 1 or'z, X is In the range 0-29, Ry 1s

alkylene (C;--¢,), 1,3-phenylena, cvelchexy]
-C4) ~-phenylene (1,45; and R, s H, or carbox
or other bivalent meiety {ntroduced to provi
2 cytotoxic substance, and T 1s hydroxyl or
units of the pclymerie @efety of formula II3

~[Co-CH-NH-],
(CHp)
C0-A-T

may vary in p, x, A
one of the units.

2ne
y1,
de f
a ¢y

~4-methylene, or alkylene (cl-
A 1s an amino-acid residue,
unctionality for coupling of
totoxie substance. The monomer

-
»

-H (111)

x» @ T, with 7 befng a cytotoxic substance 1n at least

EGF, a single poly
submaxiilary glands of mice

peptide of S3 amino acids, can be extracted from
[see J. Savage et al., (1972) J. Biol. Chenm.

247, 7609] or it can be synthesized chemical
methods, for example usirg a cloned gene.
The cytstoxic substanca T and the
nermally covalently linked, the nature of ta
functionality employed in the T and A, compo
In the cytotoxie substance T (adriamyc?n, da

1y, or by genetic engineering

EGF can also be of human origin,

Ay mclety of formula I are

e linkage dependent upon the

nents. Primary amine functionality
umosycin, dleomycin, and melphalan)
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s normally employed f1n secondary amide linkage with a terminal carboxyl of
Ax. Cytotoxic substances bearing the hydroxyl function (as in'v1nb1ast1ne
and vincristine) are 1inked simllarly as esters, or through carbonate 11inkage
(A = an amino-alcono] residue, x = 1), as exemplified by the Tinkage of
norethindrone to poly (N-3-hydroxypropyl-g]utamine) [s2e R.vV, Petersen et
al., (1979) Polymer Preprints, 29, 20]. Carboxylic acid functionality 1n

the cytotoxic substance {as 1n methotrexate and chlorambucil) f{s brought )
into secondary amide Hinkage with side-chain amine functionality in Ay (e.g.,
Ay Includes a diaming-acid residue), or into ester Tinkage (A = an amino-
alcohol residue, x = 1).

The cytotoxic substance T may also be a cytotoxie platinum complex
analogous to cisplatin. The co-ordinate ifnkage of platinum compounds by
the polymeric carrfer may be achieved by the utilization as 11gand of the 7~
carboxy mofety of polyglutamic acid, or of amine or amfno-acid or other ligand
mofeties incorporated in A ¢ see Arnon, EP-A 190,464,

In formula II, R® is a group deriving from a neterobi functional
reagent employed in the elaboration of the 11nkage conjugating;ihe preferred
heming agent ESF and the polymeric moiety III, The conjugation is effected
by the coupling of an N-substituted EGF derivatfve IV:

\\
¢
/

_ 1/ C-H _
EGF-CO-R*-N |} (1v)
A C-H

\ 7

/!
0
and a dertvative (V) of the polymeric modety III:

HS= (CHy) ;-CHR-NH-Motety TIT (v)

where m and R° are as dafined prevfchsly.
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The thiol-reective compound IV {s Prepared by reaction of EGF with
a heterobifunctiona! reagent VI: '

] 0
// \\
Y c c
Vo /I \
CH \ 1 / C-H
| N-0-CO-R*-N | ] . ‘ . (Vi)
CHZ / \ C-H
\" 7/ \ 7/
C ¢
\\ 7/
0 0

where Rl and Y are as previously defined, The ﬁti!ity of this, and other
reagents (below), resides in the presence of both an acylating moiety, the
N-hydroxysuccinimido ester moiety, and an alkylating moiety, the maleimide
residue. Other reagents, cenforming te this heté}obifunetfonal character,
which may be used for the generation of alkylating dertvatives of EGF, are
m-ma]efmfdabenzoyl-N-hydroxysuccinimfde_ester, m-malefmidobenzoylsulfb-
succinimide aster, succinim{dyl-4-(n-ma)eimfdamethyl) cyciohexane~-1-
carboxylate, succfnlmidyl-4-(p-ma1e1m1dbpheny7) butyrate, su]fosuccinimfdyl~
4-(N-maie1mfdomethy1) cyc]ohexane-l-carboxylate, sulfosuccinimidyl-4-(p-
maleimidophenyI) butyrate. A gaod description of the use of these bridging
agents can be found in the Pierce 1985-1986 Handbook & General catalog, page
325 onward, Other hetarobifunctional reagents of the above character, or
dffferenttating other functicnalities in the components of the conjugate,
could also be used.

The thiol-substitured polymer V is Prepared following Kato et al.,
(1984), J. Med. Chem., 27, 1602-7. 1In brief, this involves the generatian
of a thiol-masked polymer dertv;tive VII:
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C=¢C
;0 ,
H- C C -S-S-{CHZ)m-CHR ‘NH-[-CO-CH-NH-]H-H
W, A
/ 2'p
H CO-A, -OH

PCT/EP37/00435

(vi1)

where m, n, p, x, and Rz ire as previously defined, and partfal substitution
of the polymer side chains with the cytotoxic substance T, followed by removal

of the 2-pyridylthio masking group.

In the preferred case, when T = daunomycin, the fncorporation of the
cytotoxic substance is achiaved by a carbodiimide mediated acylation reaction.
Two specific conjugates, which were prepared experimentally, can be {1lustrated

by the following formulas:

\\
c

!/ \
EGF-C0- (CH,) ~/4 (2
237 én
\ 7\
/c 5= (CHy) ~CHy-HH- [CO-CH-NK-] -H
bout

where @ is 1, n 1s 26-300, p 1s 2, x fs O, Ry is (CHp)3,
daunomycim or hydroxyl in a rat¢o of about 1 to 6:

(VIII)

R% is H, and T fs
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EGF-CO- (CH,) N/ .?Hz
2N o |
\ /7 : :
,C S (CH)~CHamNH-[CO-CH-tH-] -1 (1)
0 (CHy), |

€0-Gly-Gly~-teu-T

wgere mis 1, n1s 20-320, p 1s 2, x {s 3, A 1s Gly-Gly-Ley, Ry 1s (CHp) 3,
R® is H, and T 1s daznomyein or hydroxyl in a ratio of about I toas,

The introduction of the side-chain extension A, where A may vary
among the common amino-acids, and x is prefarably in the range 0-20, {nvolves
the usual techniques of peptide synthesis. [See, for examples, W.A.R. van
Heeswijk, et al,, (1985), J. Controlled Release 1, 301-315, and Hoes et al.,
(1985), 3. Controiled Release 2, 205-213.]

Compound II demonstrates very useful properties in cancer therapy,
In particular, Compound II 1s internal{zed by malignant cells ang the
cytetoxicity of the cytotoxic substance daunomycin s expressed therein,

Its selectivity of action upen malignant cells is greater than that of known
cytotoxic drugs. Thus, the first valuable property relates to 1ts strong
affinity toward malignant cells over normal cells, _

For demonstrating this characteristic, a human squamous carcinoma
cell line was selected, for fnstance A431 cejl line shown in Figura 1a [see
M.D. Waterfield (1982), J. Cell. Blochem., 20, 149-161], although other tumor
cells can be used as well, The membrane of these cells contafns a very large
concentration of EGF receptors which makes them highly suitable for tests
with Compound II. The presence of these receptors is shown by indirect
immunoperoxidase staining and appears as dark color areas of Figure la.
Control c211 lines, for fnstance WI38 embryonic fibroblas: cells with a low
amount of EGF receptors (see Figure 1b}, ware treated {dentically for
compari{son and appear as lighter color areas on the photcmicrograph. It
should be noted that the suftabeity of any given tumor for treatment with
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Compound II where EGF is the homing agent can be determined by means of
measuring EGF receptors by tests such as the one described, for Instance, in
Example 2, below., Réceptors for other homing moieties may also be detected
by binding of appropriate antibodies or the homing substance itself.

When a known amount of Compound II, in particular Conjugage VII (p
= 2; x =0, T = daunomycin or OH fn a ratio of 1 to 6) radio-labelled with 1125
(lodine is part of the EGF moiety) was fncubated with A431 cells using WI38
cells as control, 31 percent of the total radicactive jodine was retained in
the intra-cellular comparthent and 2 percent in the membrane of the tumor
cells, while in the control ¢2ils, the corresponding values were 2 percent
and 0 percent, respectively. Using free EGF in place of Conjugate VII in
these experiments gave the correspending 14 percent/0 percent and 7 percent/0
percent values fnstead. The reason for the greater accumulation of Conjugate
VIII as compared to free EGF is possibly due to ratention of EGF by the polyher
backbone of Conjugate VIII by endocytic vesicles, whereas £GF is recycled
freely back to the medium. Application of tests for internalizatfon of a
conjugate by appropriate receptor-bearing cells, such as that described in -
example 3, below, can be used to detérmine whether or nct a the homing
substance in a given conjugate has retained fts capacity for internalization,
and, therefore, may be suitable for treatment of tumors.

A second valuable and unexpected property of Compound II relates
to 1ts enhanced toxicity as compared with free daunomycin toward malignant
cells. This is {1lustrated by Figures 2a and 2b.

In Figure 2a, a culture of A431 cells {s shown after 48 hrs
incubation with a medium containing 1 xg/ml of free daunomycin. Viabil{ity
was scored by means of the Trypan Blue exclusicn dye method. Exclusion of
the dye from the cells demonstrates the viability therecf. In contrast,
when an equivalent amount of daunomycin in the form of Conjugate VIII was
used in a similar experiment (see Figure 2b), a very large number of cells
were killed as shown by the shrivelled up cells and the dark areas where the
dye has accumulated.

The selectivity of Conjugate VIII toward tumor cells was further
tested. For instance, figure 3a and 2b show the effect of Conjugate VIII ¢n
the case of a mixed culture of A431 and Wi38 cells. The round cells represant
the A431 tumor cells and the elongated cells are the WI38 control cells. The

F S
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culture medium was Photographed at time zero (Ffgura 3a). Figure 3b
11lustrates this situation after 24 hrs n a medium containing 1 yg/mi of
Conjugate VIII. 71t can be seen that the round darker malignant cells have
strongly regressed. Testing simiTar to that described ip examples'4, 5 and

In concluston, it has heen demonstrated that at equivalent molapr -
concentratioens (of daunomycin), Conjugate VIII was much more lethal to squamous
carcinoma cells thap free daunomycia ftself, Also, Conjugate vIII has a
selective mortal activity on tumor cells, but jeaves normal cells alive,
whereas under the same conditions, free daunomycin will kil normai cells,

The following examples 11lustrate the invention 1n more detafl,

"
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Example 1. Synthesis of a Conjugate of ESF and Daunomycin-Graftad
Polyalutamic Acid {Conjugata VIII)

Cenjugate VIIT contafned a polymeric compound (VII) with a
polyglutamate backtone structure (p=2, x=0), in which some 7-carboxylic
groups are condensed wi*h daunomycin and having a 2- -pyridyldithio-ethylamido
heading group (msi, Re =H), which was prepared according to Y. Kato, et al.
1934, J. Med. Chem., 27, 1502-1607 (compound 5 1n scheme II of Kato).

The identity of the compound was checked analytically: Mw = 29,000

‘D by quantitatively determining the 2-pyridyldithio group; ratic of daunomycin
to carboxylate = 1/6 as determined by spectrometric quantitation of daunomycin
at 480 nm.

To 25 mg of the polymer dissolved in 2 m! of 10mM sodium phosphate
buffer at pH 7 were added 0.1 ml of a 0.3 M solution of dithiothreitol (DTT).
After 1 hr at 40° C, the solution was dialyzed svernight against a 0.1 M
sodium phosphate buffer at pH 6.0 (SPECTRAPOR membrane, MW cutoff 3500);
this regenerated the thioethylamido group of the molecule (compound 6 in
scheme II of Kato); yield 23 mg of a red compound ‘after freeze-drying (poly-
(DM)-G1u-SH). The poly-(DM)-Glu-SH polymer was reacted with an excess of
thiopropy1-SEPHAROSE in the pyridylsulfide form (4° C; 12 hrs; phosphate
buffer, pH 6) and the gel was rinsed with an excess of the same buffer in

- ~order to eliminate the polymer lacking the SH extremity. The polymer was

conserved in this form in the cold. It was then regenerated by treating the
gel with an excess of mercaptoothanoi (12 hrs), dlalyzed agafnst water
(overnight, 4° C), and freeze-dried before reacting with EGF,

One hundred sg of EGF (SIGMA) was dissolved fn 500 4} of 10 mM
phosphate buffer, pH 7.0, containing 0.14 M NaCl. Then a quantity of 125I-EGF
sufficient to provide an activity of 10,300 cpm/pg EGF was added followed by
50 a1 of a 32 mM solution of N-succinimidyl-4-(N-maleimido)-butyrate (SMBU)
(origin: Stgma), in dimethylformamide. The mixture was allowed to s%and for
1 hr at 25° C, then 1t was dfalyzed against a 0.1 M sodium phosphate buffer-
0.1 M NaCl, pH 6.0, to eliminate the excess of SMBU.

The destred product (IY, R =(CH2)3) resulting from the condensation
of SMBU and EGF was not isolated, but to the 500 sl of the dialyzed EGF
solution were added 1 mg of poly-(DM)-Glu-SH and the mixture was slowly
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agitated overnight at 4° €. Five ml of thiepropy!sepharose (pyridyTsulfide

carbonate solution, pH 7.9, The fraction containing the EGF;poty-(DM)-GTu
conjugate (VIII), detected by absorption'at 430 nm, was collected and freeze
dried. Yield: gg £g of so0lid.
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Example 2. Selecticn of 443 Test Cell Lines from Evidence of Receptor
Concentration on the Cel] Membrane by Indfrect Immunoperaoxidase §tain?ng

Indirect {mmunoperoxidase staining on cell lines were performed on
trypsinized cells in 35 mm PYC plates. The surface was pre-treated with
phosphate buffered saiine (P8S) PH 7.2, the excess was then remaved and the
PBS washed calls (105/we11 in 50 a1 PBS) were added to the plated and

“centrifuged for 5 minutes at 2000 rom. 50 upl/well of 0.5 percant
glutaraldehyde fn cold PBS were then added to the dish and incubated for 15
minutes at room temperature. After two rounds of washes with PBS, the wells
were filled with 100 mM glycine fn a 0.1 percent BSA solution and allowed to
stand for 30 minutes at room temperature to block glutaraldehyde activity.
After two PBS washes, indirect immunoperoxidase was done by first denaturing
the cells with an ice cold mixture of 99:1 ethancl-acetic acid for 30 minutes
at 4° c. During this perfod, 3 a1 of antibody were diluted in 1 ml PBS + 1
percent fetal calf serum (FCS). The wells were then washed twice with PBS
and incubated for 5 minutes with a solution of 20 percent FCS {n PBS. This
was then replaced by 200 41/well of the antibody solution and incubated for
30 minutes at room temperature. The wells were then washed twice with PBS,
once with PBS + 0.1 percent Tween, and once again with PBS, 200 al/well of a
- 1:400 dilution of swine anti-mouse peroxydase (POD) conjugated antibody (DAKO)
in PBS 1 with percent FCS was then added for 30 minutes at room temperature.
The wells were then washed twice with PBS, once with PBS + 0,1 percent Tween
and twice with distilled water. The In situ coloring was achieved by
Incubating the cells at room temperature with a solution of 10 m) 0.01 M
phosphate bﬁffer, PH 6.0, § a1, 35 percent Oxygenated water and 100 41 of 1
percent ortho-dianisidin (MERCK) in methanol.

Example 3. Internalization of Conjugate VIII in A431

Squamous Carcinoma Cells C ared to WI38 F broblasts

The Conjugate VfII, radiolabeled with 1251 on the EGF, was incubated
with confluent cell cultures of A431 and WI38 cells for 6 hrs at 37° € in
solutfon A (4 parts DMEM and 1 part of 50 mM Tris, 100 mM NaCl and 0.1 percent

BSA adjusted to pH 7.4). The cells were then washed four times with fce-
cold P8BS + 1mM CaCl, and ! mM MgCl,. Fifty percent trichicracetic actd was
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aaded in 2 proportion of I:5 to the pooled solution A 3nd PBS, aid the mixture
¥as counted on a gamma counter, The cell membrane was destabl{zed by treatment
on ice with 200 mM acetic actd and 150 mM NaCl (salution B) for 6 minutes,
The solutfon B was then removed and the cells washed twice with solution B.
These pooled B8 solutions wers assayed for 1251. This treatment releases the
EGF receptors bound to the cell surface. .The cells were then completaly
dissolved 1n 0.2 N NaCH. The radioactivity found there represented the
interalized Conjugate YIZI. In control experiments, usfng free EGF 125I, a
Proportion of the EGF {s recycled to the medium, therefore lowaring the
Tntracelluiar EgF. The results on the 1nternaiizat1on cf 1251 Tabelled EgF
and Conjugate VIII in wi3s and A431 cell cultures are given 1n the following
Table 1n terms of counts per min (background 30 cpm) for successively: Egf
not integrated in the cell, EGF bound to the membrane, and EGF in the Tntra-
cellular compartment. The percent'of tatal cpm 1s given in brackets.

Table 1 _
Internal{zation of free EGF and Conjugate VIII

EGF . | Conjugate VIII

cpm (%) cpm (%)
- WI3s Unbound 530 (93) - ' 1169 (98)
. Membrane bound . 29 (0) 28 (0)
» Intracellular 67 (7) Lo 827 (?)
A431 Unbound ) 536 (86) 831 (67)
. Membrane 31 (o) 57 (2)
. Intracellular 111 (14) 390 (31)

These results show that conjugate VIII s more efficiently internalized in
malignant cells {31 percent) thaa in normal cells (2 percent),
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Example 4. Comparative Cytotoxic Effects of Free and Conju ated
Daunomycin on A331 Squamous Carcinoma Cel]

All cells were maintained 1n Dulbecco's Mod{fied Medium (DMEM), 10
percent foetal calf serum (FSC) (GIBCO), 2 percent penicillin-streptomycin
(Gibco) and 1 percent fungizone (GIBCO) 1n 5 percent C0p. They were plated
at 50 to 60 percent confluenca 24 hours before the addition of the toxin. 1
s#g/ml of daunomycin, or equivalent in Conjugate VIII, was added in OMEM 10 .
percent FCS and the celi death rate visualized by trypan blue exclusion.
Four volumes of 0.2 percent (w/v}) Trypan Blue in water was freshly mixed
with 1 volume of a saline solution 4.25 percent (w/v) of NaCl 1n water. One
volume of this solution was mixed with 1 volume of P8BS on the cell monelayer
or to 1 volume of cell suspensfon in PBS. Observation and scoring took place
43 hours after additfon of the toxin (see Figure 2a and 2b). These results
show that daunomycin 1s much more effective agafnst malignant cells when 1n
the form of Conjugate VIII than when in the free state.

Example 5. Effect of Conjugate VIII on Mixed Qultures
of Tumor (A431) and Norma) 138) Ceils

Cells were maintained as described in Example 4. The WI38
fibroblasts were first plated and the A431 squamous carcinoma cells were
plated the next day. The mixted culture was left growing for 24 hours and
then 1 ug/ml of Conjugate VIIT was added to OMEM 10 percent FCS. Nearly all
the A431 cells were selectively killed after 24 to 48 hours whereas the WI3s
fibroblast were left alive, "Hence, the mixed culture became free from the
tumor cells demonstrating that‘conjugate VIII can be used to separate the
normal cells from cancer cells. The experiment was repeated but using only
0.1 pg/ml of Conjugate VIII (for the controls, equivalents of daunomycin
were used in free form). Observation of the cultures after 15 days showed
that the test samplés contained no more of A431 cells, which situation was
confirmed by continuing culturing for 6 weeks under normal conditions, this
resulting {n no reformation of tumor cells. In contrast, in the controls
all cells, malignant and normal, had died after 15 days.
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Example 6. Synthests of a Conjugata 6f EGF and G]ycy!-lecyl-LaucyL
Daunomvein Grafted Polyglutamic Acid (Conjugate iX).

Conjugata IX contained a palymeric compound (VII) with a
palyglutamate backbone structure (=2, x=0), {n which some 7-carboxyiic
groups are condensed with daunomyecin and having a 2-pyr1dy1dithic-ethy!amfdo
heading group (m=1, R2=H), which was prepared according to Y. Kato, et al.,
1984, J. Med. Chem., 27, 1602-1607 (compound 5 in scheme I1 of Kato).

The polymer was subjected to the procedure reported by Hesswi jk,
et al., (1985), J. of Controlled Release, 1 (4}, 312, for extending the side
chain with -Gly-Gly-Ley- (Ag in fermula IT), as follows: 4¢ mg of the polymef
and 68 mg of saccharin (0.31 mmole) were dissolved in 1 ml of DMF and the
solution was allowed to stand for a few hours (solutfon A).'

On the other hand, 0.32 mmole (40 ul) of NN, 'N*-tetramethylquanidine
(TMG) were slowly added to a st{rred suspension of 0.32 mmoTe (80 mg) of H-
Gly-Gly-Leu-OH in DMF. Stirring was continued until all solids had dissolved
(solution B).

Then, 0.43 mmole (70.3 mg) of N.N'-carbonyt-diinidazole were added
to solution A and, after stirring for 30 min, solutfon B was added. The
mixture was further stirred for 3 days at room tamperature. The mixture was
added into 15 ml of 0.1 M phosphate buffer (pH 7.0) and the resu]tihg solution
was dialyzed into water (12 hrs}, filtered on a millipore membrane (0.45 ym)
and the filtrate was freeze-dried. The po!ymef‘(yie}d'so percent mg) was
analyzed by hydrolyzing an aliquot 1n 6 N HC1 for 12 hrs at 180 C.
Determination of the amino acids in the hydrolyzate was carrfed out by High
Performance Liquid Chromapography of the amino’ééiélphtalaldehyde derivatfves
(detecticn by fluorescence). The following ratio cf glutamic
acid:glycine:leucine was measured: 0.95:2:1.

The pyrtdine-S group was removed with dithiothreitol according to
Kato, et al., and analysis was performed by measuring the absorbance at 343
nm of the liberated pyridine-2-thione. Neglecting the presence of the TMG+
fon, a MW of 25,500 was found, meaning that in the preduct the degree of
polymerization ts about 75-80.

The introduction of daunemycin was accomplished as follows: 33.7
mg (74.7 umole) of the sida-chain extended polymgr wére'dtssolved in 15 ml

1]
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of 2 percent aqueous NaCl and 26 mg (35.5 smcle) of daunomycin hydrechloride
were added. The pH was brought to 5.5 with 0.1 N NaOH after which 28 mg
(0.1 mmole) of 1-ethyl-3-[3-(dimethylamino}]-carbo!imide hydrochiortide (EDC)
were added under stirring.

After agitation for 18 hrs, the mixture was diluted with 15 ml of
1 M NaCl and dialyzed in water. The residue was freeze-dried which provided
31.6 mg of polymer. Splitting the disulfide with DTT as before and analyzing
spectroscopically the pyridine-thfone indicated the praesence of about 10 DM
per molecule, {.,e. a ratio of labeiled side-chains to unlabelled side-chains
of about 1:7. _

Conversion of an aliquot of the above disulfide to the desired
thiol was done as follews: 2 mg of polymer were dissolved in 2 ml of 0.1 M
phosphate buffer (pH 7.0) and 150 sl of 0.3 M DTT were added. After allowing
to stand for 1 hr at 42 degrees, the solution was dialyzed for 24 hrs against
freshly degassed phosphate buffer (pH 6.0); a SPECTRAPOR bag was used (MW cut-
off=1000 D). _ ‘
Simultaneously, EGF:was activated by taking 0.2 mg of EGF (SIGMA)
and dissolving 1r 0.75 ml of 10 mM phosphate buffer in 0.14 M NaCl, pH 7.0;
then adding 0,5 ml of a 10 mg/ml SMBU solutfon in OMF. After 2 hrs at 20°.
C, the mixture was dialyzed at 4° C against a 0.1 M Phosphate buffer containing
0.1 M NaCl at pH 6.0 (membrane MW cut-off = 1000). |
‘ The overall volume of both the dialyzed polymer and dialyzed EGF
solution were reduced to 1 ml by absorption with CMC powder, then they were
mixed together and allowed to stand for 24 hrs in one dialysis bag. The
mixture was chromatographed on SEPHADEX 675 (eluent 0.1M NH4CO3) and the
fractions absorbing at 430 nm were collected and cleaned from unreactad pnlymar
by treating with thiopropylsapharose overnight at a° Cc. The gel was washed
with 0.1M NH4CO3 and 22.5 ml (0.D. of 0.176) of solutfon was collected.
Yield was about 80 percent of Conjugate IX. The respective weight
contributions of DM and EGF in the product are about equal. _

The prasence and biﬁding efficiency of the EGF factor in Conjugate
IX was checked by tmmunoprecipitation with EGF éntibody and attachment of the
immunocompliex to a protain A-Sepharose gel (CL4B, Pharmacfa). The procedure
was as follows: Protefn A-Sepharose gel! was rehydrated to provide a 50 percent
(V/V) solution in NET-NP40 buffer (100 nM NaCl, 1 mM EDTA, 1 mM EDTA, 10 mM



WO $8/00837 ' ' 'PCT/EPS7/00435

28

Tris, pH 7.5, 0.5 percent NP40). Bovine serum albumin (BSA) was added to

120 p1 of the buffersd sepharose solution to provide a 0.3 percent (by weight)
BSA solutfon (S). On the ather hand, BSA was added to 12 ul of a solution

of antiserum against EGF (Collaborative Research) so as to provide a 0.3
percent by weight BSA soluticn in antiserum (Ab)., Both (S) and (Ab) were
tncubated overnight at 4° ¢, then a quantity of Conjugate IX corresponding

to 120 ug of dauncmycin was added to sample Ab and tncubated for 7 hrs at &°
C under agftatxon. Than solution (S) was added and the mixture was agitated
per 12 hrs at 42 ¢ A control (€) was prepared by adding the same quantity
of Conjugate IX to another identical sample of solution (S). Both the above
mixturs (M) and the control were centrifuged for 5 min at zeoo'rpm and the
absorbance (A) of the supernatant l{quid measured at 480 mm, The results

are 0,41 for M and 0.955 for C, which shows that Conjugate IX contains ESF,
the conformation of which {s recognized by the antfbody on the gel.

Example 7. Toxicity of Conjugate IX and of Free Daunogzcin
Toward A43] Ma 1gnant and w138 (Contro S

The toxicity of conjugate IX and of free daunomycin toward A431
malignant and W1338 (control) cells was compared. The effect of these drugs
was evaluated by the degree of fnhib{tion Of'celluldr protein syntnes1s. For
this, we measured the level of incorporation of 3 S methionine ( S met NEN)
into newly synthesized proteins after a 48 hrs exposure to different
concentrations of the drugs.

Cells were plated on 1.5 cm Petri dishes at 50 percent to 60 percent
of confluence before the addition of the toxin. 0.1, 0.5 or 1 pg/ml doses of
daunomycin (controls) or 1ts equivalents in the form of Conjugate IX were
added fn CMEM 10 percent FCS. Ce!l death consecutive to this addition was
measured as follows: the cells were exposed for 1 hour at 37° ¢ in 500 Bl ‘
OMEM Tcw methfoafne medium (GIBCO) containing radioactive 355 met. The medium
was then removed and the dishes were washed with PBS 9137 mM NaCl, 2.7 mM
KC1, 2.7 mM KC1, 8.1 mM Na POy, 1.5 mM KH,PO4, 0.9 mi CaCly, 0.5 mM MgCly,
pH 7.2). These solutions were stored for beta counting. The cells were
lysed with 1 ml 0.IN NaOH and placed in a tube with 500 Bl Trichloroacetic
acid (TCA} 10 percent to precipitate the proteins. This mixture was filtered
on GF/A filters (whatman) to elimfnate unreacted'355-met. The filters were
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washed twice with 1 ml of 10 perc=nt TCA and oance with 1C0 percent ethanol.
The filters were dried at 80° ¢ for 2 hours and subjectad to beta counting
In Econafluor (NEN} scintillation medium. The results reported in the
following table 2 Show that Conjugate IX {s very cytospecific but less
cytotoxic than caunomycin alone.

Table 2

Toxicity of Confugate IX and of .Free Daunomvcin

Drug Concentration % of protein Synthesis Inhibition

(ug/ml) A431 WwI3s
0.1 30 10
Free Daunomycin 0.5 68 46
1.0 97 80
0.1 4 0
Conjugate IX - 0.5 17 6

1.0 ' 47 4
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Example 8. 1In Vivo Test of Conjugate VITT

We fnjected 5 x 105 A331 cells nude mice, and when the tumors
reached 3 to 5 mm, we fnjected into twc sets of nude mice 0.1 mg/kg of
daunomycin either in the form of conjugate VIII (see example 1) or in free
‘form. In the prior art, up to 10 mg/kg doses have been used in mice (S.
Schwarz, et al., 1575, Cancer Chem. Rep., 6, 2. 107-114). The drug was
Injected efther directly in the tumor or In the caudal vefn 4 times at 3
days intervals. The measures were taken a week after the last injection.

By visual inspection of the animals, 1t was notad that the growth'
of the tumors treated with cenjugate VIIT was significantly reduced, as '
compared to control mics or to treatments with free dauncmycin. Thesa resylts
were similar whether the injection of the drug was directly in the tumor or
In the caudal vein which shows that bicdegradatfon and rejease of the cytotoxic
substance cccurs substantially only in the target cells. Results are shown
in the following table 3.

Table 3
In Vivo Test of Conjugate VII

Initial Final Growth
Surface of the Surface of coefficient
Injection Tumor (A) the tumor (B) (B/4)
Daunomyein I.v.* ‘ 30.5 : 500 : 16.4
Conjugate VIII I.v. _ 25 54 2.2
Daunomycin I.T.== 9 170 18.7
Conjugate VIII  I.T. 9 - 50 , 5.5

Control=== ) 9 320 35.6

* I.V. = {ntra-venaus
** 1.T. = 1ntra-tumor
***Placebo fnjection
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At the and of the experiment, the tumcrs were dissected and weighed.
Results are given below. If correctfons for slight dffferences of tumor
size at the beginning of the treatment are taken into account, 1t can be
seen that the results (Table 8) correlate well with the surfaca estimate
given in the previous Table 3.
Table 4
In Vivo Test of Conjugate VII (Tumor Wefqhts)

-----.----q--~--------------v--~-—-----------—-.--—-------~-~------_ .......

Daunomycin I.T. S 1.178 g

Conjugate VIII I.7. : , 0.359 g

Daunomycin I.v, : 6.789 g

Conjugate VIIT I.v. 3 0.816 g
=8=::33:B===5=B=====:=3=====:===:38===a383:3!83:8‘-‘-===I!=3======2=======38

In conclusion, the compounds of the invention show better performances 1n
selectively ki1ling squamous carcinoma cells than daunomycin, both §n vitro and
in yive. In the animal tests, we noted that very low amounts of conjugate VIII

have a remarkable effact on tumor growth, .

Examole 9. In Vivo Test of Conjugate IX
The 1n vivo tests réeported 1n Example 8 were repeated using Conjugate
- IX, Thus, 2 mg/kg of dauncmyein, free or in the form of Conjugate IX were
fnjected every 3 days over 9'days in the caudal vein of nude mice bearing A431
tumors. The tumor growth inhibition by conjugate IX was significantly greatar
than by free daunomycin (D), free EGF or DM labelled but untargetad polymer
(OMA). These results are shown In the Table 5 below where the values correspond
to tumor diameter (in mn) measurad with a caliiper after a number of days. The
letha) dose of Conjugate VIII and Conjugate IX have not been measured but are
presumably less toxic than free dauncmyctn which enters freely into most normal

cells.
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Table 5

in Vivo Test ¢f Conjugate VII‘
Days: 0 4 7 u 14
Control 0 4 17 2z g
Daunomyc¢in 10 12 15 20 21
Free EGF 10 13 14 17 17
Polyglu-DM 10 i1 12 16 17

10 11 12 14 15

Conjugate IX
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CLAIMS
l. A therapeutic composition comprising a chemical conJugafe 1bc1ud1ng a first

moiety, other than an tmmunoglobulin or fragment theresf, which preferentially
binds to a tumor call, and a second mofety linked to the first moiety, safd
second mofety compricing a plurality of repeating units, each unit having
the structure
==C0-~CH--NH--

(?!Hz) p

€0--A,--T
where p and X are integers, whera A 1s a bifunctiona] linker, and wherejT
Is selected from the group consisting of free hydroxy! and a Cytotoxic
substance,
where said unfts may be the same or may vary, T being a cytotoxic Substance
in at least one of said units,
and where said conjugate fs internal{zed by tumor cells,
The composition of claim 1, whare B is 1 or 2, where x is in the range of
0-20, where A¢ 1s an amino actd Introduced to provide a functional group
for convenient coupling of various Cyctotoxie substances, and where 1f x is
greater than 1, the amfno acids Ay may be the same or different.
The composttion of claim 1 where the first mofety is selected from the group
consisting of mouse epidermal growth factopr (EGF), other animal EGF spectes,
human EGF (also known 1s urogastrone), alpha-transforming growth factor
{TGF), vaceinta virus growth factor {VGF), and any other peptides which
bind preferentiaily to tumor cell receptors for ggf and are internalized by
those receptars. ‘
The cbmposft1on of claim 1 where the first mofety 1s szlected from the group
consisting of nerve growth factor (NGF), platelet-dertvad growth factor
(PDGF), melanocyte-stimulatfng hormone (MSH), thyrotropin releasing hormone
(TRH), transfarrin, low density 11poprotein (LOL), and any other non-
immunoglobulin substances also bound by tumor cell raceptors of the foregoing

substances.
The composition of claim 1 wherein the first mofety is a substance which

promotes internalizatfon of the conjugate By a tumor call.
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The composftion of claim 1 wherein the fipst mefety 15 EGF,

The composition of claim 1 where the EGF is essentially fdentical to human
EGF. ' . ,

The composition of claim I wherein the first molety has a mitogenic effect
on a tumor cell. ' _ '

The compositfion ¢f claim 1 wherein the first Tmoiety ts-direct}y linked to
the second moiaty by means of a peptidyl 1inkage. v

The composition of claim 2 wherein tha first Aofety 1s Iinked to the second
moiety by a structure having the formula: '

0
\

// \CH
-co-rl-n [ 2
' \ CH
A »
S S (Cpdg-CHR -

0

[ PP

where Rl Is: alkylene {cz-c4); 1,3~phenylene; cyclohexylene-4-methy1ene;
or alkylene (CI-C4)-phenerne (1,9); rZ is H, or carboxyl; and m = 1 or 2.
The composition of claim 1, where the molecular weight is also less than
about 100,000 p.

The compositicn of ¢iatm i, wherein T 1s a cytotaxic substance in at least
about 10% of the units.

The composition of claim 1 wherein the Cytotoxic substance s an {nhibitor
of DNA synthests and function,

The composition of claim 10 wherein the Cytotoxic substance is selected
from the group consisting of anthracycline drugs, b]eomycin,_melphalan,
chlorambuctl, and cis-platinum, 4
The compositien of claim 14 wherein the substance is selectad from the group
consistimmg of adr1amyc1n,'dauncmycin, and daunorubicin. '

The composition of claim 1 wherein the Cytotoxic substance is ap fohibitor
of microtubule formation and function,

The compesition of claim 16 wherein the ¢ylotoxic substance {s selectad
from the greup consisting of vinblastine and vincristine.
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The composition of claim 1 whérein the Cytotoxic substance is an
antimetabolite.

The composttion of claim 18 wherain the Cytotoxic substance is methotrexata.
The composition of claim 1 wherein the cytotoxic substance 1s a radicact{ve
substance.

The composition of claim 1 wherein the Cytotoxic substance is an enzymatic
inhibitor of metabolism.

The compesition of claim 21 wherain the cytotoxic substance {s selected”
from the group consisting of the following ntact proteins, subunits or
modified forms thereof: Riefn (particularly the A chain), diptheria toxin,
Pseudomoras exotoxin, and abrin. :

The composition of claim 1 wherein the cytotexfc substance is selected from
the group consisting of aurecmycin, gelonin, and hematoporphyrin.

The composition of claim 1 wherein the Cytotoxic substance {s daunomycin.

A therapeutic method for preterentially destroying tumor cells, comprising
administering a covalent conjugate of a cytotoxic substance and a koming
substance which hon-immunolog%cal]y and preferentially binds to tumor cells,
sald cytotoxic substance and said homing substance being conjugated by a
polymeric carrier having a nentoxic, bicdegradable, polyaminoacid backbone,
and permitting sald conjugata to bind to and be internalized by said tumor
cells, wherefn said polyaminoacid backbene s degraded, releasing said
cytotaxic substance.’ '

The method of claim 25 wherein said polyaminoacid backbone is selected to
control the rate of biodegradation and hence the rate of release of the

cytotoxic substance.
The method of claim 25 wherefn said polyaminoacid backbone is preferentially

degraded by tumcr cells.

The method of claim 25 wherein the conjugate {s essentially incapable of
penetrating novmal cells.

The method of claim 25 wherein satd-homing substance promotes the
internalization of the conjugate by the tumor cells.

The method of claim 25 wherefn the conjugate 1s of reduced cytotoxicity to
normal cells relatfve to the free cytotoxic substance.

The method of claim 25 wherein th tumor cells are carcinoma cells.

The method cf clafm 31 wherein the tumor calls are squamous carcinoma calls.

- ,-.4‘ b
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33. The method of claim 25 wherein intracellular release
of the cytotoxic substance in toxic form occurs essentially
only in tumor cells.

34. The method of claim 25 wherein the conjugate also
increases tumor cell metabolism, thereby increasing its sensi-
tivity to the cytotoxic substance. ‘

35. The method of claim 25 wherein the homing substance
is epidermal growth factor.

36. A therapeutic composition comprising a chemical con-
jugate including a first moiety which preferentially binds to
a tumor cell, a second moiety which.promotes the internaliza-
tion of the conjugate by the cell, and a third moiety cdmpris-
ing a polyaminoacid carrier and one or more cytotoxic mole-
cules attached to said carrier.

37. The composition of claim 1, further comprising a
substance which promotes the internalization of the conjugate.

38. The composition of claim 1, further comprising a
mitogenic substance.
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